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The facing dual-beam arc deposition (FDAD) method is developed in order to form uniform TiN film on the deep hole surface 
in die/mold, in which dual beams of Ti+ and N2 are irradiated from the both sides of a long through-hole. This innovative coating 
method makes it possible to form TiN film on the whole inner surface of a hole, which has an aspect ratio of 108L/20D=5.4, with 































ついても TiN 膜を作製した．図 3(a)のように，深穴形状の治具に
試験片（SKH51，HRC64，13.513.55t）を 8 個搭載することで，




























Sample Coating method Film  
FDAD-TiN  Facing dual-beam arc deposition TiN  
AD-TiN  Arc deposition TiN  
HCD-TiN  Hollow cathode discharge TiN  
















































Table 1  Coating samples 
Fig.1  Arc deposition method (AD) 
Fig.2  Facing dual-beam arc deposision method (FDAD) 
Fig.3  Experimental method 




(Backside) TiN beam 
Testpieces and jig 
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AD-TiN，HCD-TiN および UBMS-TiN では，膜厚の減少が急激
で，穴入口から 35 mm 以上になると TiN 膜の生成は確認できな
い．これに対して FDAD-TiNでは穴入口部の膜厚 2.7~2.9 μmか







いて高い塑性変形硬さ H=44~57 GPa を示したが，穴入口から 6 






L/D=5.4）に生成した TiN膜の Ti/TiN組成分布を図 7に示す．従
来 PVD 法の AD-TiN，HCD-TiN および UBMS-TiN では，穴入
口から 5mmまでは Ti/TiN組成CTi=41~46 at%を維持しているが，
穴入口から 10mm以上になるとCTiは急激に減少した．これは，N2
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Fig.5   Thickness distribution of TiN films on the deep hole 
(ϕ20108L，L/D=5.4) 
Depth of the deep hole   mm 
(a) AD-TiN 
Fig.4  Appearances of TiN-coated testpieces on the deep hole 
(ϕ20108L，L/D=5.4) 
(b) FDAD-TiN 
TiN film TiN film 
TiN film 







































Fig.6   Hardness distribution of TiN films on the deep hole 
(ϕ20108L，L/D=5.4) 





























Fig.7   Ti/TiN composition of TiN films on the deep hole 
(ϕ20108L，L/D=5.4) 
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